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Ha TPAHCKPUNLUIO U CNNAUCUHT HEﬁpOHaﬂbeIX
U rnvanbHbiX reHoB

A.A. BopoguHoBa*, A.l. beneurumin, .M. banabaH

WHCTUTYT BbICLUEN HEPBHOW AEATENbHOCTU U Helpoduanonorum Poccuiickoi akafeMum Hayk, Mockea, Poccuiickan Oepepauun

AHHOTALMA

WccneposaHve MonekynApHbIX MEXaHU3MOB, NEALLMX B OCHOBE MIACTUYeCKMX NPOLIECCOB B HEPBHOM CUCTEMe, NpeacTaB-
nAeT 60NbLIOK MHTEpPeC B COBPEMEHHOM Herpobronoruy. BaxkHo NoOHWMaTb, YTO 3NWUreHeTUYeCKUe MOOUPUKALMK, KOTO-
pble paccMaTpMBalOT B acfeKTax pasBUTUA U KNETOYHON OUGQepeHLMPOBKM, MOTYT TaKKe BOBJIEKATbCA B MAACTUYECKME
MPOLIECChI Y¥Ke BO B3pOC/ION HEPBHOW CUCTEME.

B Hawwel paHHel paboTe Mbl NpUBOOMIM [0KA3aTeNbCTBA TOMO, YTO 3KCMPECCUA BaKHbIX FEHOB, CBA3AHHBIX C MaMATbIO,
TaKUX Kak Prkcz v Prkci, MoxeT perynmpoBaTbca anureHetudeckun [1]. B paHHoM pabote Mbl paclumpuni npefblayLiee
uccnefoBaHne [0 CUCTEMHOMO YPOBHSA, NpuMeHnB noaxof PHK-cekBeHMpoBaHWA AnA OLEHKM M3MeHEHUA NaTTepHOB KC-
MPeccuMy pasfINyHbIX FeHOB NPU MHOYKLUMW 3MUTEHETUYECKUX NepecTpoeK. [nA 3Toro KynbTypbl KOPTUKaNbHBIX HEMPOHOB
KpbICbl MHKYOMPOBanNM C OQHWUM U3 HECeNeKTUBHbIX MHIMOWUTOpOB rucToHpeaueTunas (tpuxoctatuH A, TSA; bytupar Ha-
Tpus, NaB) ona nameHeHus ypoBHA anureHeTuyeckon perynaumun. [danee cymmapHyio PHK Bbigenanu v ucnonb3oBanm
ANA NofroToBKu 6ubnuotek n nocnefyiowiero NGS-cekBeHMpoBaHMA.

BrovHdopMaTUUeCKMIn aHanW3 TPAHCKPUNTOMHBIX AaHHbIX BbIABUI CYLLECTBEHHOE MepeKpbiTUe AnGQepeHLManbHO IKC-
npeccupoBaHHbIX reHoB (DEG) B rpynnax, obpabotaHHbix NaB u TSA, cBMAETeNbCTBYA, YTO pasivyHble M0 XMMUYECKO
CTPYKTYype uHrnbutopbl ructongeauetunas (HDAC) MHOyumMpyoT TPaHCKPUMLMOHHBIE U3MEHEHUA B MEPBUYHBIX KYNbTypax
HEeMpOHOB Yepe3 06LiMe perynAaTopHble NyTW. Mbl 06HapyXuMK, YTo bNOKaga rMCTOHAeaLeTMNa3 CONpOBOKAAETCA nepe-
XOA0M 0T MposiMepaT1BHLIX NPOLIECCOB K KNEToUHOW AuddepeHLMpoBKe. AHanu3 reHHoi oHTonormm (GO) natacetos DEG
reHOB MOKas3an, YTo 3HaumnTeNbHaA [ONA FeHOB, YBENMYMBAIOLLMX YPOBEHb IKCMPECCUM B OTBET Ha JobaBneHne UHIMbMTO-
poB HDAC, 6bina cBA3aHa co cneupanu3aumeit KNeTok, TKaHeBbIM 1 IMBPMOHaNbHBIM MOPhOreHe30M, pa3BUTMEM pasnny-
HbIX nepudepuyecKnx TKaHeW 1 opraHoB. HanpoTuB, reHbl, CHUMAKOLLME YPOBEHb IKCTIPECCUMM MPY UHOYKLUM SMUTEHETH-
YeCKUX MepecTpoekK, bbinn BoBneyeHsbl B 610NOrMyecKkMe NpoLLeCchl, CBA3aHHbIE C MPONMpepaLen KNeToK 1, YTo 0co06eHHO
WHTEPECHO, CMELManu3aLmMen pasfiuuHbIX KNeTOK Mo3ra (HeWpoHbl, acTpoLMThbl, ONMFOAeHApouMTbI). Bbbino nokasaHo,
YTO 3KCMpEeCcUs LieNoro pAaa rManbHbIX MapKepoB, XapaKTepHbIX 4A acTpoOLMTOB M ONUIOAEHAPOLMTOB, bbina 3Haum-
TENbHO CHUMKeHa nocne pobasnenna mHrmbutopos HDAC, yto TakiKe NOATBEPXKAAETCA pe3ynbTaTaMu KONMYECTBEHHOMO
MUP ¢ ncnonb3oBaHueM cneumpuryeckinx nap npamMepoB Ha BblbpaHHble reHbl MUALLEHW. B xoe aHanu3a JaHHbIX Mbl TaK-
e 06HapYHMUK 3HAYNTENBHOE CHUMKEHUE IKCMIPECCUM PA3NIMYHBIX HEMPOHAMbHBIX MapKepOB, CBA3AHHBIX C LIUTOCKENIETOM,
opraHu3aLuen npe- 1 NOCTCUHANTUYECKUX OKOHYaHWIA, CUHANTUYECKOW Nepefadent.

N3BecTHO, YTO TOHKaA perynAuMA pasfnyHbIX MPOLLECCOB B LIEHTPaNbHOM HEPBHOM CUCTEMe 00YCNOBNIEHa NMPOM3BOACTBOM
Pa3NnyHbIX N30OpM BENKOB C 0JHOMO M TOrO e reHa 3a CYET NpoLecca anbTepHATUBHOMO CnnankcuHra obpasylolenca
MPHK. CornacHo gaHHbIM nuTepaTypbl, ANMreHeTUYecKMe NepecTporiKM CO3AAI0T ONpefeneHHOe OKPYHeHUe AnA peryna-
UMM anbTepHaTMBHOrO crnaicuira [2, 3. MokasaHo, YTo 0bpa3oBaHMe anbTepHATUBHBIX MPOAYKTOB MOXET UrpaTh Ba-
HYI0 poJib B PasnMyHbIX NacTUYecKMX npoueccax [4, 5]. YunTbiBaA BbiluecKa3aHHOE, Mbl MPOaHaNM3MpoBany BO3MOXHOCTb
anbTepHaTMBHOMO CM/AMCMHIA FEHOB NPY UHOYKUMM 3MUrEHETUYECKUX NepPeCcTPOeK B KyNbTypax KOPTUKaMbHbIX HEMPOHOB
KpbIChl, OLIEHWUB KOJIMYECTBO PasfIUYHbIX M30HOPM TPAHCKPUNTOB MO NPELCTaBIEHHOCTM OTAENbHBIX 3K30HOB C MOMOLLbIO
naketoB nporpamM IsoformSwitchAnalyzeR n DEXSeq. Mbl 06Hapyunu, 4To HEKOTOpble FAManbHbIe FeHbl U 6onbLUoe Ko-
NIMYECTBO HEMPOHANbHBIX FeHOB, B 0COBEHHOCTM CBA3AHHBIX C MOCTCMHANTUYECKON OpraHWM3auMen U KNeToYHOW KOMMY-
HWKaLMen, NoLBepraloTcA anbTepHaTUBHOMY CMANCUHIY Npy A06aBNeHUM MHIMOUTOPOB rucTOHAeaLeTnas. MHrbupo-
BaHue axkTuBHocTM HDAC B KynbTypax KOPTUKanbHbIX HEMPOHOB B OCHOBHOM BIIMANO Ha BbIOOpP anbTepHaTMBHbLIX CTApTOB
(ATSS) v TepMuHaTopoB TpaHcKpunumu (ATTS), 1, B MeHbLLEN CTEMNEHU, HA aNbTEPHATUBHBIN CMNANCUHT 3K30HOB. MonyyeH-
Hble JaHHble Obiny BbIGOPOYHO NOATBEPHKAEHDI pe3ynbTaTaMu KonudectBeHHoro MLP ¢ ucnonb3oBaHueM cneumpuyeckmx
nap npaiMepoB Ha OTAeSbHbIE 3K30HbI pasHbIX U30GOPM TPaAHCKPUMTOB.
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TakvM 06pa3oM, B Xoe HaLlero UCCnefoBaHuMA, YAaNoch YCTaHOBUTb, YTO MUCTOHAEALETMA3bl UIrPaIOT BaXKHEWLLYI0 Pofib
B CMeuManu3aumy pa3nuyHbIX KNETOK Mo3ra, a NoJaB/eHne UX aKTUBHOCTM BAMAET Ha 3KCMPECCUIo W anbTepHaTUBHbIN
CMNACUHT Pa3NUYHbIX FIMANbHBIX U HEMPOHASbHBIX FeHOB-MapKepoB. Mbl He MCKNIYaeM, YTo rnobanbHble U3MeHeHWs
TPAHCKPUNTOMA, Bbi3BaHHbIE CMNAMCMHIOM FeHOB, OydyT MPUBOAMTL K KayecTBEHHBLIM MEPecTpoMKaM CeTU HeWpOHOB,
4YTO ABNAETCA HaNpaBneHMeM ByayLMX UCCeoBaHUA.

KnioueBble cnoBa: 3nureHeTUKa; auetunmposaHue TUCTOHOB; TPAHCKPUNUUA; aHbTepHaTVIBHbIVI CMNANCKHT; FeHbl
MNNaCcTU4HOCTH.
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Blockade of histone deacetylase activity affects
transcription and splicing of neuronal and glial genes

A.A. Borodinova*, A.P. Beletskiy, P.M. Balaban

Institute of Higher Nervous Activity and Neurophysiology of Russian Academy of Sciences, Moscow, Russian Federation

ABSTRACT

The investigation into the molecular mechanisms that govern plastic processes in the nervous system holds significant
interest to modern neuroscience. Importantly, epigenetic modifications, which play a central role in cellular differentiation
and development, may also influence adult nervous system plasticity.

In our previous research, we presented evidence indicating the epigenetic regulation of significant memory-related genes,
including Prkcz and Prkci [1]. In this study, we further explored the subject at the systemic level through the application
of RNA sequencing to assess the widespread alterations in the expression of several genes during the induction of epigenetic
rearrangements. Rat cortical neurons were treated with nonselective inhibitors of histone deacetylases, including trichostatin
A (TSA) and sodium butyrate (NaB), to alter the level of epigenetic regulation. Subsequently, total RNA was extracted, and
RNA-Seq libraries were prepared, followed by NGS-sequencing.

Bioinformatics analysis of transcriptomic data showed significant overlap of differentially expressed genes (DEGs) in the NaB-
treated and TSA-treated groups. This suggests that different histone deacetylase (HDAC) inhibitors induce transcriptional
changes in primary neuron cultures through common regulatory pathways, regardless of the chemical structure of the
applied inhibitor. Histone deacetylase inhibition leads to a shift from proliferative mechanisms to cellular differentiation. GO
analysis of DEG datasets revealed upregulated genes were involved in cell differentiation, tissue, embryonic morphogenesis,
and development of varied peripheral tissues and organs. Contrary to expectations, genes that decrease expression under
epigenetic rearrangement induction play a role in biological processes associated with cell proliferation and, notably,
the differentiation of different types of brain cells, including neurons, astrocytes, and oligodendrocytes. The expression
of several glial markers found in astrocytes and oligodendrocytes significantly diminished following HDAC inhibitor
application. We confirmed these findings using targeted gene primer pairs and quantitative PCR methods. Furthermore, data
analysis revealed a noticeable decline in neuronal markers associated with cytoskeletal organization, pre- and postsynaptic
ending organization, and synaptic transmission.

Fine-tuning of various processes in the central nervous system is accomplished by the production of different isoforms
of proteins from the same gene through alternative splicing of the resulting mRNA. Epigenetic rearrangements create
an environment for regulating alternative splicing of different genes [2, 3]. Studies reveal that alternative isoform
production plays a vital role in various plastic processes [4, 5]. Therefore, we used the IsoformSwitchAnalyzeR and
DEXSeq packages to investigate the potential for alternative splicing in rat cortical neuron cultures induced with histone
deacetylase inhibitors by assessing the abundance of transcripts based on exon usage. Our findings demonstrate
alternative splicing in several glial genes and numerous neuronal genes, with a particular emphasis on those genes
associated with postsynaptic organization and cell communication. Inhibition of HDAC activity in cortical neuron cultures
primarily impacted the selection of alternative transcription starts and terminators, with a minor effect on alternative exon
splicing. The observed outcomes were confirmed using specific quantitative PCR primers for distinct exons of various
transcript isoforms.

In this study, histone deacetylases were found to play a critical role in the specialization of multiple brain cells, and
when their activity is repressed, it affects the expression and alternative splicing of several neuronal and glial marker
genes. Possibly, global transcriptome changes resulting from alternative splicing could lead to qualitative reorganization
of neuronal networks, a promising avenue for future research.
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